Objective Young women being underweight is a public health problem in Japan. The aim of this study was to investigate this problem by measuring lymphocyte count as an indicator of nutritional status. Methods The subjects were 114 women aged 20-39 who participated in an annual health checkup for residents in a city in Aichi, Japan. Data from a questionnaire, physical examination, and blood tests were analyzed in relation to women who were severely underweight [body mass index (BMI) B 17.5 kg/m 2 ], slightly underweight (17.5 \ BMI \ 18.5 kg/m 2 ), of normal weight (18.5 B BMI \25 kg/m 2 ), and obese (BMI C 25 kg/m 2 ). Results Lymphocyte count tended to be lower with a decrease in BMI. The prevalence of low lymphocyte count of \1,500/mm 3 increased in underweight women. In women who had restricted food intake for weight loss, leukocyte count, and total serum protein, and lymphocyte count were lower. A multivariate logistic regression analysis showed the association of low lymphocyte count to being severely underweight [odds ratio (OR): 1.95; 95% confidence interval (CI): 1.07-3.56] and to restricted food intake for weight loss (OR: 3.73;. Conclusion This study suggests that being severely underweight and on restricted food intake for weight loss in adult women can be risk factors for low lymphocyte count, an indicator of malnutrition. It is important for young women to maintain BMI [17.5 kg/m 2 and not to restrict food intake when of normal weight or underweight in order to prevent malnutrition.
Introduction
Young women who are underweight is a public health problem in Japan. Young women often have a desire to lose weight and be thin [1, 2] . In women, being underweight can be a risk for low bone mineral density (BMD), anemia, and amenorrhea [3] [4] [5] [6] . Malnutrition is one of the important health problems for underweight people. In particular, protein nutrition, serum albumin, and lymphocyte count tend to be reduced [7] . Hence, lymphocyte count and albumin levels are used as indicators of nutritional status or protein malnutrition [8, 9] . A low lymphocyte count of\1,500/mm 3 is considered as malnutrition [8, 10] . As for the relationship between being underweight and leukocyte count, only a few studies have reported a decline in leukocyte and lymphocyte count in patients with anorexia nervosa who were severely thin [3, 11] . However, there are few studies on lymphocyte count among underweight women, who have not suffered from anorexia nervosa. The aim of this study was to investigate the health problems of young Japanese women by measuring the lymphocyte count as an indicator of nutritional status.
Methods
A cross-sectional study was conducted on population-based samples. The subjects were women aged 20-39 who participated in an annual health checkup for residents conducted 2-9 November 2005 in a city in Aichi, Japan. A total of 195 women underwent the health checkup. Among them, 180 (response rate 92.3%) consented to participate in this study, which was approved by the ethics committee of the Nagoya University School of Medicine.
The examinations, including blood tests, were all conducted in the morning from 9 to 12 o'clock. Body mass index (BMI) (kg/m 2 ) was calculated as weight in kilograms divided by the square of the height in meters. Blood samples were measured at the laboratory in the Handa Medical Health Care Center (Handa City, Aichi, Japan). Blood counts of leukocytes and lymphocytes were done by an automatic cell counter (Sysmex SE-9000). Differential leukocyte count was obtained microscopically. Serum concentrations of total protein were measured by a clinical autoanalyzer (HITACHI 7700). A self-report questionnaire was conducted on clinical history and lifestyle, included smoking (Never, Former, Current), drinking alcohol (on the basis of frequency: 4 days or more a week, 1-3 days a week, Occasionally, None), and restricted food intake for weight loss. Menstrual cycle was determined by Regular, Sometimes irregular, Irregular, or Amenorrhea. Restricted food intake for weight loss was determined by Not restricting food intake, Wish to restrict, but not actually, Restricting. With respect to restricted food intake, subjects were categorized into the restricting or nonrestricting group.
Subjects with amenorrhea, because of the possibility of pregnancy; current smokers; alcohol drinkers of 1 day or more a week; and persons with a cold or arthritis or rheumatism; were excluded from the analysis because leukocyte count is affected by these items [12] [13] [14] [15] . One other subject with a leukocyte count of 13,600/mm 3 was excluded because of possible infection or inflammation. There were no persons having lifestyle-related diseases such as diabetes or hyperlipidemia.
As a result, there remained 114 participants [mean ± standard deviation (SD): 33.3 ± 3.8 years] for analysis. In those women, BMIs were 20.1 ± 2.2 kg/m 2 in their 20s and 20.7 ± 3.0 kg/m 2 in their 30s, which did not differ much from those of the National Nutrition Survey 2003 in Japan (20.7 ± 3.1 and 21.4 ± 3.6 kg/m 2 , respectively). According to the criteria of the Japan Society for the Study of Obesity, BMI was categorized into underweight (BMI \ 18.5 kg/m 2 ), normal weight (18.5 B BMI \ 25 kg/m 2 ), and obesity (BMI C 25 kg/m 2 ). In addition, in the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10), BMI of 17.5 kg/m 2 or less is one of the criteria for anorexia nervosa [16] . Therefore, in our study, underweight was further classified into slightly underweight (17.5 \ BMI \ 18.5 kg/m 2 ) and severely underweight (BMI B 17.5 kg/m 2 ). A lymphocyte count of \1,500/mm 3 was defined as low based on nutritional assessment criteria [7] .
A statistical analysis was made as follows: The linear trend, Student's t test, Fisher's exact probability test, and chi-square test for trend were used to analyze the statistical differences in physical data among BMI groups and between the food-intake-restricting and nonrestricting groups. The association of low lymphocyte count with being underweight and restricting food intake was investigated with a logistic regression analysis after adjusting for age. P values of \0.05 were considered statistically significant, and P values from 0.05 to 0.10 were regarded as borderline significant. All statistical analyses were completed with the statistical package SPSS 14.0 J for Windows.
Results
As shown in Table 1 , subjects were classified as ten (8.8%) severely underweight, 13 (11.4%) slightly underweight, 81 (71.1%) normal weight, and ten (8.8%) obese. The prevalence of underweight subjects (BMI \ 18.5 kg/m 2 ) was 20.2% in total. There was no difference in age among the BMI groups. Among blood examinations, lymphocyte count tended to be lower with a decrease in BMI (trend P = 0.058). Leukocyte count, neutrophil count, and total serum protein did not differ among BMI groups. Comparing the two groups according to restricted food intake, BMI was higher in the restricting subjects (P = 0.050), as obese subjects were more likely to restrict food intake for weight loss (Table 2) . Total serum protein, leukocyte count, and lymphocyte count were significantly lower in restricting subjects (P \ 0.05).
The prevalence of low lymphocyte count of \1,500/ mm 3 increased with being underweight (trend P = 0.049); the prevalence was 40% in the severely underweight group (Table 3) . A multivariate logistic regression analysis showed an association of low lymphocyte count to severely underweight [odds ratio (OR): 1.95; 95% confidence interval (CI): 1.07-3.56] and restricted food intake for weight loss (OR: 3.73; 95% CI: 0.91-15.30).
In seven women of normal weight who were restricting food intake, lymphocyte count showed a low value of 1,477.9 ± 221.1/mm 3 , and a low lymphocyte count of \1,500/mm 3 was found in three (42.9%) of them. One underweight subject who had restricted food intake had a very low lymphocyte count of 928/mm 3 .
Discussion
This study suggests that underweight Japanese women in their 20s and 30s may be in a state of subclinical malnutrition, as represented by low lymphocyte count. In severely underweight women with BMI of B17.5 kg/m 2 , low lymphocyte count of \1,500/mm 3 was encountered in 40% and was also found in 43% of food-intake-restricting women of normal weight. This multivariate logistic regression analysis suggests that severely underweight women with a BMI B 17.5 kg/m 2 and women who restrict food intake for weight loss may have a higher risk for low lymphocyte count.
Lymphocyte count and albumin levels are used as indicators of malnutrition [8, 9] . In malnutrition, lymphocyte count tends to be reduced [7] . Lymphocyte count is correlated with the nutritional assessment scale [17] . An earlier study reported a decline in leukocyte, erythrocyte, and platelet counts in patients with anorexia nervosa who were severely thin [3] . Malnutrition may suppress hematopoiesis and particularly lymphocyte count. It is hence considered that low lymphocyte count is indirectly associated with malnutrition in severely underweight women and persons who are restricting food intake for weight loss.
Underweight subjects are supposed to tend to eat little, which can lead to lower protein intake. In our study, the low lymphocyte count was found particularly in severely underweight women. Earlier studies reported a decreased lymphocyte count in patients with anorexia nervosa who were severely underweight [11, 18] . In our study, being severely underweight was defined as BMI of B17.5 kg/m 2 , which is one of the criteria of anorexia nervosa according to the ICD-10. Our subjects were healthy and did not have anorexia nervosa. Nevertheless, 40% of severely underweight women had a low lymphocyte count of \1,500/ mm 3 . Being underweight at B17.5 kg/m 2 carries a high risk of low lymphocyte count.
Restricted food intake for weight loss can lead to malnutrition. In this study, total serum protein and lymphocyte count were lower in women who had restricted food intake, although BMI was greater in those women. A multivariate logistic regression analysis showed the association of low lymphocyte count with restricted food intake for weight loss (OR: 3.73; 95% CI: 0.91-15.30) and with being underweight (OR: 1.95; 95% CI: 1.07-3.56), showing that restricted food intake as well as being underweight may carry a higher risk of a low lymphocyte count. In particular, a low lymphocyte count was found in 43% of women of normal weight with restricted food intake. One underweight woman who had restricted food intake had an extremely low lymphocyte count of 928/mm 3 . Restriction of food intake for weight loss in normal or underweight persons appears to increase the risk of low lymphocyte count.
This study suggests that being severely underweight and restricting food intake for weight loss in adult women can be risk factors of low lymphocyte count, an indicator of malnutrition. It is important for young women to maintain a BMI of [17.5 kg/m 2 and not to restrict food intake if of normal body weight or if underweight to prevent malnutrition.
In this study, total serum protein was not different among BMI groups. Various kinds of protein, such as albumin, globulin, and the like make up total protein, which is expected to be less sensitive to protein malnutrition. Serum albumin is generally used as an indicator of protein nutritional status. It is also reported that lymphocyte count may reflect a status of shorter-term protein nutrition [19] . Hence, a low lymphocyte count in underweight persons may reflect an acute but not chronic state of lower protein intake, which may be represented by albumin levels, which was not examined in this study. More detailed studies are necessary on protein malnutrition in underweight subjects.
Our study has some limitations, as it was conducted only on 114 Japanese women, among whom ten were severely underweight. Moreover, we did not examine serum albumin levels as an indicator of protein malnutrition, nor were detailed food intake contents examined. Therefore, further studies are warranted to obtain more conclusive results.
